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(57) Abstract: A magnetic field detector comprising a magnetoresistive element for reference and a magnetoresistive element for 
detecting magnetic field. Each of the magnetoresistive element for reference and the magnetoresistive element for detecting magnetic 
field has a laminate structure of an antiferromagnetic layer, a bonding layer of a magnetic body having a magnetization direction fixed 
by the antiferromagnetic layer, a nonmagnetic layer, and a free layer of a magnetic body having a magnetization direction varying 
by the external magnetic field. The magnetization direction of the bonding layer in the magnetoresistive element for reference is 
parallel or anti-parallel with the magnetization direction of the free layer under no magnetic field. The magnetization direction of 
the bonding layer in the magnetoresistive element for detecting magnetic field is different from the magnetization direction of the 
free layer under no magnetic field. Thus, it is possible to obtain a magnetic field detector whose sensitivity and resolution can be 
calibrated as a single unit at any time. 
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m^m(Dmam^^mir^t^x^ 0 mmmm^itmam^mmm^3i 
turn ea^e^3M#tt^r ltv ^(dx\ mnmftik mm m^-3 i (Dm^mn- 
^^^ti-x^^mmm^i<Dmmm^M^t^mth^o 
[0065] *$m<Djtm\z£tit£. mmmm^ibM2<DM&m<DmmMw&'fttt£><Dm 
mm^mmm^-3it^miLXh^ti^, ^Mif^^m^m^oo, mmm^u 

xtz<Dxmfe*(DftMm%tJEtf»imkm, ^hKmmx<Mm^m^ir^ 
[0066] 011^^5^, m7(Dmmz.j)\\x., mmm^mmm^i^m^^bh^im 

X&Zo fc*3, SIH^WC. 137^111— ©fll^ttHI— «F#Sr#U tfcBHStfm-TS 

^nmw^wm^^nmw^^T^m-r^b^mxh^ 
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[0067] *7c, Elio, milium ^xmmmm^FH, 21K:, ^m^MM-tZttfr^m 
^—/^5^mi1r^bhX^ 0 

[0068] MM(DMWt6. 

sfctfc mis® 09*. rf ig 3*5 xxfmmmm i i^uy&im msssrffl v vc«^^ 

%mx.x\^ 0 wt, mti^mm^m^^mmz.mt5^t^(Dmmtiio^ 

[oo69] mm&mmmfo^nmtstix^^tkmmm^ife. $mfenMf>mnz>&Mio2 
^hm±ir^^mw(D^b^m^^-^cir^x^Kmm^tix\^ 0 

[0070] jjfei;:, ^^c>^<z)m^m^i-*5TOm^mti]#i-ov>-r^Ki-§o 

QMRH&mfeirzzbK£Qm&nm&&Mttzb&^m^&Zo mm 
& Mmm%mi¥-r%tc$> <Dn*> mm i 1 o^vxw^ti, mmm^tmmm 
mo9Rmmiio^vxm^um^mm^b(D^m^bm^ti^o 
■aft, m<Dmmmm<Dm^m^mm^mmm^^bhhibSAy^mxh 

[0071] *gm<Djtm\z*.tit£. *mm^$tiitmft&M&&m^x^z>itiibK s mm 
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[0072] M1M<Dl&Wi7. 

[0073] #C^, *IIM(D^(^{ig^ffi^g^^nt§f«^mi!]f^^ov^!^0Ji-?) o 

m<Dmm<D^m<Dm^m^^m^m^Km^^bhh'ib^Aynmxh 

[0074] ^Wo^S^WStt^WfifelclS^ttSfe^-Ctt^, t^j£«to»£>©flfc*: 

<Dmk&ikmx%z>n)&x&ti&&\,\ 
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[0076] mM<Djtm8. 

mm^. M^WimRTfm^m&T%tcfr<Dmmmmo9&m?ix\s^ 0 3^ m 

[0077] ^mffliH^-ite, ^M^i04&£x?MMi05K£m^ir%^m^tkMX 

[0078] ^mmmm<Dmm&m^tetf%mm&mmm^\,^xmmir% 0 
^m^m^n^^^mm^fc^m^io4^m^x^^tcm^ m 

nno^bT#fc^$tt, &mm^femmmmio9Rmmiio&fri.x^m 

[0079] *mm<Dmm&mmteZ(Dm&temfe£tizh<D^}tt<^ m^m^^m^ 

<Dmt&&itix%z>n)&x&tia^\ 
[0080] ^mmmm^xm^ mmmm-m^mm(Dm^mmi-^m^j:<. m 

[0081] ^ife(D^H9. 
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la 1 5 ra\ mmmm i o a 3<d m w- wm^-tk m^<r>mnmwmm^u^ <d 

it, mmmmitmmxh^o 
[0082] ^mmmm^m^mm^ m,^mj±mm^2oit, uumwmm^202 

xm&£tix^z> 0 mm&mmm&202te&mmm*it&mmm^'ii£fr 
[oo83] ^mmmm<Dm^mm^(Dmmmm^^^xmi5^m\^xmm'r^ 

o 

&&cm&&#m9&2oi'T*^ m^-u n^m^m^204^ti^nmm^nx 

V=IX(R +AR/2XH/ | H |) (2) 

m k 

V=IX(R-AR/2) (4) 

1 m 

[0084] »#^itiiHij^202{*, &mmm*ib&mmttii\z.$5^xnbtiz>mjjn 

out 

V =«XIX(1+H/|H ) X AR/2 (13) 

out k 
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k 

out 

out 

V =aXIXAR/2 (14) 

out 

^-C, $J;L«:ffi^mj±V frlVb%:%£^Z.a = 2/(Ix AR) bWtfei-Zb, V 

out out 

= (1+H/ | H I )tt£ v ), H=— | H | CDir^V =0V. H= | H | (Dir^V = 

k k out k out 

[0085] ^JfecD^^tu^ #mffl^«fei:a^:*^^ig^:^#^mffla^:ig^L 

®}^mi L <vmttb&mm-mMi-&m.ttmf±mM\m$&b, ^mmmmmm^ 
\^x^mmm%mm^m^(Dmfibm^\^mm%mm)i^m^(Dn^b^h 
mm^tit-m}±<7)m^mmir^mmwmmm^b^^x^^ 0 
[0086] ^cofctb, mmmm^iibfeMmm^ibfDtti^&m^^xmmmiti&fty^b&iti 

ffi*^ii#^ffl*^ii^m^ff^^^#Tv^^,^^(DS^^® 

[0087] £fc, Jilt's^ a ^m j MM^ir^bX\ mw.(Dmjjmfc$:nz>~btfx%z> 0 

ttJgtf»b^ft I3i:^5p^5v ^S^fr-efcfrk?, Jitfb^ft tefr Icoft^-r 

[0088] *B^it*iim^^^6r^^ < j;«9. #mzmwm 



WO 2005/081007 



22 



PCT/JP2004/013824 



flS/h$v 09^rf ^MBft^*»lg^Jfflbfc«^^^^^-t-«-i^M* 
[0089] Hiio^nio. 

mft&&ttottitib<D&M6&£xmjiwM<Ditft^ tit 

n<Di&ffii9bmmx*&z>fc#), mm&mv&-rz> 0 
mi7 izmztizMRtfi m mv&xu, ^ mm m^- 1 ^m«#£pp;&ni-5@a$i6 ^ 

[0090] jjciz:, ^iiM<^^iiio^if^ttiiHii^o^miiif^(j:ov>Tift5g-r5o *1\ 

out 

V (H) = a XIX (1 + H/ I H | ) X AR/2 (15) 

out k 

out 

V (H + H') = aXIX(l+(H+H')/|H | ) X AR/2 (16) 

out k 

V (H + H')-V (H) = aXIXAR/2XH'/|H | (17) 

out out k 

k 

■So 

k 

Sfc, M&ttft&MM&0<Db%<Dm*bbR&#i#>tii*. H Sr^»5r.i^-C#5o 

k 

a=2/(lXAR)^f§^ 
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V (H) = l+H/ | H | (18) 

out k 

V (H+H') = 1+(H+H')/|H | (19) 

out k 

I I h | &$:ibZ>z.b&X%Z> 0 

k k 

[0091] #^Jfe<D7£1iB(j:J;*U*, ^Wffl*^i-^a#^#^^p-C#§«^^i-5- 

[oo92] *fc. ^mmconm^xm-f, ^mmm^iit^mm^itcDmrn^ta^m^^ 
x^ttMtt^teMjjm^mbtiZo e^^*AR««#^^^ 
^mmm^itmmmm^iit(DmMs^com^hnhrbx\^t'^^mm(Dn 
mmc^mi-^m^mth^^h^fcm^nmc^mi^xm^mmm^ 
mtvfcm^^^xh^^fc.mjjm^n^t^mxh^ 0 

[0093] ^^fuom^-u \i<D&i<Dm&m<DmttJ5faz, i3\-mtt\v\xibz><D 
x\ *mm<DMM<DMR&m^&mMfcM)&ir%^btf^mx&% 0 

ftotV^S, Co, Ni N Fe&^f$ftbL,X^&m<D&&X3b'oXh£\<\ 

m^>—/W5^mnr^bKx i o, 0mm 1 1 ts^sv— /wK5 k %m%- 
(D^m^rttew ^(Dtzjsb, mmmm^<Dm2com\km<Dmikj3\b\i2bmi<Dm 

[0094] e^mm^mHIj^^ W^ittim^^«r^^J:«9, 

«9, m^h^M^mmwmmmm^^ti^by^^^m,^(Dnmmh^ 
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[0095] mM(DJ&Mll. 

mxh^x^mmm^ib^mmm^n, 2i^tltv^ 0 mgs^m^^^i 
[0096] ^mmmm^m^mmmt^m&mm^^oib, mmnmm\*\$&202 

MMnmm\Hi&202\^ mmmm^itmmmm^n. \2\z.^\^xnh^m 
timm&Mftmmirzm&xfoZo ^%mmm\^\^x\^ mmmm+n. 21 

6t, WiMmmTibmmmm^-iib^mntsfL, ^ti^n<DmM)±.v bvcDmx 

1 

h^Av^m^w\m^203^mtii-^m^mmm^207b^h^x\^ o 
g§2O6;&j;tm^'i'§0^2O7te{^^ 

mm%m^203feXM^\^xm%%ftom^x-foiQ. 3o©a^ av^v bm± 

1 

U208frh<Dmmmmj±v iz.mvx, av xv/v ^w^«mg&^oTv^ 0 

a 1 a - 

i^-e, m2o^nmmm^<Dim^i-o z.<Dmmm&feopT>-7245bm.#c2 
45bh9^^260b^h^m^xmm^ti^ o ^xmm(Dm~m^tmm<Do 

VTls^bmKbYy^V^Xfr^ 

[0097] ^mmmm(Dm^m\m^<D^mmm^^^xmi9^m\^xmmir^ 
o ^Sff^misis&2oi-e«, *^-i, 11, 2i^^^b-S«^i^^^o 
w#Hw^mffl^i^it§m^mii{«(2)^§ 0 rr-e, #^*^-i 

m^Tte:, ^2(D^ttJg(D^b^r^l2^||l(D|^ttg(D^^fB]13«^f-e 
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mmmm^iK^^xfe, m2<Dm^m<Dmit^22b^i<Dm^m<Dmi\: 

, V , V ^P^ittIHIS^202^t±l^i-§ o 

1 2 

V=IX(R +AR/2XH/ | H |) (2) 

m k 

V =IX (R -AR/2) (7) 

1 m 

V =IX (R + AR/2) (8) 

2 m 

[0098] tow&tmmm&202"x*n, ^mmm^ibmrnmrn^iu 2ite&^x&t>tizm 

^mffiSrlS^HtB-rSo *HJfe^fl8^*3V>Ttt, #Mffl^ii^2i^*3V>T# 

- 1 

a X AV = a XIX ARX (1+H/ I H | )/2 (20) 

1 k 

V = a (V-V) = a XIX AR (21) 

-21 

[0099] m^[US&203«, AjjfcttLXg&t&fT 5HIB&-C&tk 3-D<DA£) A V £V bV 

1 - a 

i^L-r. av xv/vTOt^o 

1 a - 

i^s:(2), (20), (2i)\z£^mmH&wMuzb%<DmMmm*mm<Dn 

V =AVXV/V=VX(1+H/|H | )/2 (22) 

out 1 a - a k 

k a 

a 

h=— | h | d^H= I h I V ttv =ova>e>v =VbftZ> 

k k out out out a 

[oioo] Mm&&3bz>3?\*i(Dmz3E(DMj3, m<Dj?\ft<?>mz&<Dmi3&nt>ti 
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m^xx<. mw-r^ti^<DmmsM209tmm^tix\^ o ^(22)^9, jkn&n 

■So 

V =AVXV/VV/4=VX(l/2+H/|H | )/2 (23) 

out 1 a - a a k 

rtU-J;^ «^#H^H=- I H | ^£>H= | H | ^miti-^tt, V j&*V 

k k out 

=-V /2frhV =V / / 2^?)J;5^IhI{^^| ! ^?)o £9jyfc#Ji-}3\ V =2V 

out a out a a 

bir&Z.bX\ H= | H | <Db^<Dmt)m,J±felVXH=- | H | (Db^^mtiW^ 

k k 

fe-lVb?£Z>£.D \z.nfex%z> 0 

[0101] ^ilSi^Boaif^mdi^-e^, ^lo^^ffl^ig^^m^^^:^ 
miEo^^i^i^#mffia^^m^^»ig^:^S2(D#mffla^^: 

m2<Dmj±bvx&jj-r%tomnmm\ni&b, ni<Dnmbffimn2<DW£<D&n& 

m3(Dmj±bVXM^1r%m^n\B}$&b$:misX\; >§ 0 

[0102] ^(Dit^ mmmm^-iib, ^mmm^-ibcomti^m^^xmm^mir^b^x 

zm.ffim<Dm4kteb*<D&miz£ym.ffimkm$m^xh. mmmm^-n, 2i<d% 
mm<Dmmri^f^^mtm^m^^x^mm^iE^ti^fc^,mmx<^ 

mm^mmw&&mi-%^btfnsmbtez> 0 
[0103] £tbK, Wtftm±M$m&. Mmwmmm^. mmw-m^mn^bK^^ m 
W£m$Bnmx\ ^4¥mmxmi¥ir^m^mm^mm-r^b^x^ 0 

ntcmum.^m^, '^rt—jY^-y*?**, mmttb**m^xM)&irz>z.b\z.& 

<Dnmmtf£bi-£%^m&m^%^b^mbt£% 0 
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[0104] ^r>, mmmm^n. 2ik, ^m^mm-r^tc^tDm^— /ws&mnzz. 
bi>x%% 0 

mn.^— ^h*5&ntfz>z-bK£t), mmmm^n. 2i«*H^>— /ufskxwi® 

mi(Dm\^m<Dm^\^i3(D^^mfx^^0mmm^2i(Dm2(Dm^m(D 
mi\:^\^22bmi(Dm^m<7)m^\^23(D^^m^n-r:hnit^ mmmmi^i 

1, 21(Dfg2<DfKttS<D^[^[R]12 % 13m^M(D^bir^b^X^^ 0 

[0105] 2fc*3, *mm<Di&Mx*femffimj£m&mffi2oifcmmffiM&3^m^x^z&^ 
l^mMK^mmm^-ibmmmm^ii, 2ib^mm^mm\^xhxw 

^mM(Dnmx^tifcmmwmmmm^n^mmm^-mxh<>x, 
mte&mmm^m^&teitxhoxh, ^m^^mh^^Km^x^^b 

^ ^mmMxfe®&m(DmM^M\z.ts:z>£.?. femj±M208, 209^0^ 

[0106] mm<DMMi2. 

mmmmm-i, mm(D^miKDm^mxh^ 0 mi<Dm^m<Dmit^bm2 

mmm^-iia, nbb, mi<vm&m<Dmit^fabM2(Dm¥£m<Dmik^fatfR^ 
nxhK), Bmmm^iiabm^¥t¥k&m^Bmmm^2i&mx.x\,^ 0 z.<dx?k 
3m<D0mmm^iia. hk 2ibmtamm^ib^m^^xm2iK7jki-x^m^ 
m^ir^bKXox, m^mtum^n^b^x^o 
[0107] j^t, z.<Dm&m&fci\,^xm.mirz> 0 ^mmmm^m^mmm-m^m 

ffi^[U^201, 1)WWL%m%m^202si^ 202b4oJ:^^teI{^203^WL-CV^ 

o 

^mffl*^lf«^250^oJ;TOPT^ 0 240^^{^^iiit>g[lI{^230^^b 
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, lib, 21t>^L^tl®#L251, 252, 253*3«tt^OPT^241 N 242, 243^Sfe 
*ttg®|&23U 232, 233^^LTV^ C ffi£t251, 252, 253<D— S^^l250 

®^L«iE^m[HlS&201^feiii|iS[HlS&230, 231, 232, 233^&3 0 
Sfeiti|'M[HlS&230, 23KDm^»M#[Hl{^202a^A^$^o *fc, S<Eit#S 

[HS&232, 233(Dm^^P^lHl{^202b^A^§^o *PM^[nIS&202a, 202b 

f*^!jx.^0 i6t^b^:^ii'l'S®{^-eJ:v \ 

«^[Uji&202a, 202b-C«^^, £Dffeiii|>g[H]f&230, 2310^^7^^ 
i(iMI1I{^232, 233(Dm^«^^m^«o 

m^. mmnm^202 a , 202b<Dm^mmnm^203KAtiir^ o mmwmffi 

202a, 202b^XX^m^W\m^203(Dm}^^mM(DMMlltm^h^CO^mm 

[0108] ^<Dnij^«^^*5v>T«, s«^[us&^fflv^ft^«9^, tkmrnm^i^mmm 

cc 

m^-i^m^^Rmmm\m^230(Dmtim}±v ^m.^25o<Dm.mmR t-r% 

HI 22 

V =V X (R + AR/2XH/ | H | )/R (24) 

HI cc m k 22 

£&5 0 mmi^mmm^iia, iib^nKmmmm^23i^xx^232cotiitim 

J£V *5J:tJ«V te, Jg*/t251, 252<D|£^{g^;h,-mR ,R hlrZk 

H2 H3 21 23 

V =V X(R-AR/2)/R (25) 

H2 cc m 21 

V =V X(R-AR/2)/R (26) 

H3 cc m 23 

kftZo *fc> #Mffl*T-21^tp^j#i|iM0{^233(Z)tii^mi±V ^253 

H4 

24 

V =V X(R +AR/2)/R (27) 

H4 cc m 24 

[0109] #fM*H^-lla, lib, 21^mffl*^-l^«, M2<DB.&mkMl<Dm¥£m<VB. 
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4tt\ft&ftttt<>ft<m&\zMf&VX\/^Z>o ®#l250, 251, 252, 253«#b 
[0110] #Ci^ >>JPM^if *§0S&2O2a, 202b^JP^#£iiii>M ; HT5o *PM^lfi|>803&2O2a 
®#l250, 251, 252, 253(Z)Sfel^R -e#U/^#-£\ MMJ±<Dmtt(28) , 

21 

(29)^i"J:5^ ; 5o 

V -V =V X(1+H/|H I ) X AR/R21/2 (28) 

HI H2 co k 

V -V =V X AR/R21 (29) 

H4 H3 cc 

v = (v -v )xv/(v -v ) = 

out HI H2 a H4 H3 

V X (1+H/ | H | )/2 (30) 

a k 

mtsM^M^io^wn^tx^ h=- I h I frbH=+ I h I 3re^ 

k k 

out a a 

[oin] ^mmmm^m^nmm^x^ mKDmmmm^mjj^m^-tm^m^ 

«f#tt^tt5l30#MiMi^^tLjl(D#Mili 

mnmm\Bimt,mi(Dmf±tmmm2(Dmf±<Dmw^m^i-^mmwm^t^m 
[oii2] ^(Dft^, mmmm^iimmmm^-it^m^^xmm^tiii-^t^^fc^ 
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[oii3] $e>^ m.^mf±mmm^, mmwmmm^. mmwm^mn^ticx^o, m 

[oii4] $e>^ ^m^M^s^-r , mnjmL<D^&M&*imktez><D^ m&zm 
mt-r^b^x^ Q 

[0115] ^Jfe(D^fil3. 

^^^jEfflaMe^^^211(^T, ^3Effl^^i:^i-§ 0 )^A,7c 
mi&fflf^O^J-efc5„ HIB&^StfLSiGH^l, 11, 21(Dfflf5t^f^$Si^«fe^oV>T« 

[0116] £i\ ^ffl^211^oV>Ttfe^-r5o BtEfflaS^im, ^M^m^-l^C 

zLk&*iifettez>o ^mm(Dm^fix\^\^m^(DmK\m:iEmKM^^bK 
iot, ^mm^xwmmamir^b^mbf^o sir, ^jrai^o^-c 
m23^m^^xmmir^ 0 

[oii7] m^mM<D^m^^mc^\^x^^mm^o<Dm^<Dm.mu^R tunm 

m 

m 

offset m 
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z.<Dt&mM : &ft5b, m23\z.mm<Dtm, Mix^-rmtdi-f^m^ti^mm 

offset 

m*2u<Dmi cornvtm (omtft ft Kttvxym, R^n^Mmm^wMvitb 

k+ k- 

offset 

AH/(H -H ) = (R — R )/ AR (31) 

k+ k- offset m 

V =IR (32) 

offset offset 

H -H =2 | H | -e&5fc«),R , AR»JS^J;i9^:S"C#tL{^, ^<D^(31) 

k+ k- k offset 

[0118] mz., *MM<Dtete<DMR&M&<D&MW}mz^^xm22&m\'^xwLmirz> 0 

202d£. m^#[USS203a. 203b£, ^JP^it#SlHlK207cW^«^tbSo 

m&cm&&&m&2om. mmmm^u &mmm*iu 21, ^^211 
^^tt^m^imj^204^^i-§i^«^ttT^D,a^w^^^^ 

m<D^m lit mnx&z>(Dxmm&gmirz> 0 &iEm m^-211 nmm^-^v^ k 

offset 

[0119] umwmmmmo2c^ &tomm*ib&mmm*ii<DMt)<Dmfr&m 
mirz>g&mmmmo7ab. mmmm^n. 2ib(om&&rWirz>m&mmo6b 
frtmmztiZo m^mmmm207 a bmwm^206(Dmmfmm-tmm(Dnmii 
bmmxfoz><Dxm>m&m&irz> 0 M^mmmmo7a^xx^mwm^206bmm 
£tifrmmwmmo3afemm<Di&Miibmm<DM!&x&v), ^<dh\m, mm<D 
j&mi 1 \z.&tfz>^ (23) bmm&mmfab&KDbtevxfoZo 

V =(V-V)XV/V=VX{1 + 2H/(H -H )}/2 (33) 

outl 1 a - a k+ k- 

[0120] Mm%m%M$&202d\^ mmmm^n, 2ico\Mti^nv ^mts-r^M 
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offset 

+ 

V=V+V=2XIXR (34) 

+ 12 m 

H^ii*@lHli^207b«, TO^-/VK^(tfc^IEffl^^-211^^(Z)A^^2{^^ 

mmu ijmm&205fatb<DAt)b<Dmft$:M£)irZ) O 

Bi£)1-%nj±fe£: (32) *5J:tje (34) (35) £ft5 c 

(2 XV -V)=2XIXR -2XIXR (35) 

offset + offset m 

[0121] femj£M208<DMjj&V /2biTZ>b. MWMmWM&2Q2&bm%m&2Q>§b\C 

a 

mmzti. Mm%mmm^202d(DmMmwm^206xmvfcimm±ii-^mm 
nm^203b(Dm±i^ ^(21), (31), (35)fat>&.#:<Dbmx&z> 0 

V =V X AH/(H -H ) (36) 

out2 a k+ k- 

[0122] mmnm&203abmmwm&203b(DM£)(Dmift%mxir%Mmmmmm&2 

07c(Z)m^V J«(33h (36)^fb#Ctf>£5^3o 

out 

V =VX{l/2+(H-AH)/(H -H )} (37) 

out a k+ k- 

a 

V =VX{(H-AH)/(H -H )} (38) 
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